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A B S T R A C T
Background: The aim of this study is to evaluate the accuracy of a newly developed quantitative method
using 64-multislice computed tomography angiography (CTA) to detect coronary in-stent restenosis
(ISR).
Methods and results: CTA was performed in 45 patients who underwent stent implantation (79 lesions)
and the accuracy to diagnose ISR was evaluated by comparing with invasive coronary angiography (ICA).
CTA was evaluated both visually and quantitatively using a new stent restenosis index (SRI) utilizing CT
densities at proximal and distal artery lumen from the stented region and the correction value depending
on the stent diameter. ICA showed 11 ISR (14%). The sensitivity, speciﬁcity, positive predictive value,
negative predictive value, and accuracy for visual evaluation were 78%, 75%, 35%, 95%, and 76%,
respectively. On the other hand, the quantitative evaluation using SRI represents 82%, 93%, 64%, 97%, and
91%, respectively.
Conclusions: Evaluation of ISR using SRI is superior to the visual estimation of CTA.
 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.Introduction
Coronary artery stenting has been a standard method for
treating coronary artery stenosis in patients with angina pectoris
or patients with acute myocardial infarction [1]. The clinical
incidence of in-stent restenosis (ISR) after coronary stent
implantation is 20–35% for bare metal stents and 5–10% for
drug-eluting stents [2–5]. For the evaluation of ISR, invasive
coronary angiography is a standard procedure to measure lumen
narrowing after stent placement. However, the cost and burden of* Corresponding author at: Department of General Medicine, Tokuyama Central
Hospital, 1-1 Koda, Shunan, Yamaguchi 745-8522, Japan. Tel.: +81 834 28 4411;
fax: +81 8346 29 2579.
E-mail addresses: toshiro@tukuchuhp.jp, toshiro@yamaguchi-u.ac.jp (T. Miura).
http://dx.doi.org/10.1016/j.jjcc.2014.03.013
0914-5087/ 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rightsthis procedure and the potential complications require an
alternative non-invasive procedure to diagnose ISR [6]. Since the
number of patients who received coronary artery stenting is
increasing, non-invasive methods to rule out ISR is important to
eliminate invasive coronary angiography. A number of studies
have investigated the evaluation of ISR using multidetector row
computed tomography (MDCT) angiography. It has been reported
that the 64-slice MDCT can provide more accurate in-stent
visualization and characterization than 16-slice MDCT due to
improved spatial and temporal resolution [7]. However, artifacts
caused by stent struts have hindered accurate diagnosis of ISR
[8–12]. In particular, assessable stent number is dramatically
decreased when the stent diameter is <3 mm [8]. Furthermore,
most of the studies performed visual diagnosis instead of
quantitative diagnosis using CT density (CTD). Kitagawa et al.
[13] reported an objective evaluation of ISR using CT density.reserved.
Table 1
Patients’ characteristics (N=45).
(%)
Age (years) 657
Male 37 (82%)
Body mass index (kg/m2) 23.72.0
Diabetes mellitus 17 (38%)
Dyslipidemia 33 (73%)
Hypertension 32 (71%)
Current smoking 18 (40%)
Angiography
One-vessel disease 26 (57.8%)
Two-vessel disease 12 (26.7%)
Three-vessel disease 7 (15.6%)
Stent location
RCA 28 (35.4%)
LAD 30 (38.0%)
LCx 20 (25.3%)
SVG 1 (1.3%)
LAD, left anterior descending artery; LCx, left circumﬂex
coronary artery; RCA, right coronary artery; SVG, saphenous
vein graft.
M. Yoshimura et al. / Journal of Cardiology 65 (2015) 57–6258However, the increased attenuation of the stent lumen due to
partial volume effect and blooming artifact hinders quantitative
assessment [12]. In the present study, we developed a new index
using CT density and compared it to the visual diagnosis.
Methods
From 2008 to 2010, 45 consecutive patients (37 males, mean
age 65  7 years) with suspected ISR underwent CT coronary
angiography (CTA) and invasive coronary angiography (ICA). The
accuracy to diagnose ISR by CTA was evaluated in 79 stented lesions
by comparing them with ICA. The patients’ characteristics are shown
in Table 1. The protocol of this study conforms to the declaration of
Helsinki and the protocol was approved by the ethics committee of
Yamaguchi University Hospital. Informed consentwas provided by all
patients and written consent was obtained from all patients.
Invasive coronary angiography
ICA was performed with a standard method and the images
were evaluated by two experienced cardiologists who were
blinded to the patient characteristics. The restenosis evaluation
was performed visually and with the caliper method according to
the American Heart Association criteria. The diameter stenosis
>50% in the stent lesion was considered signiﬁcant ISR.
Scanning protocol and image reconstruction of coronary CT
angiography
Renal failure and allergy to contrast agents were exclusion
criteria for the study.
Images were acquired using a 64-slice dual-source CT scanner
(Somatom DeﬁnitionTM; Siemens Healthcare, Erlangen, Germany),
with 32 detector rows  0.6 mmcollimation, 330 ms rotation time,
and a table feed of 0.2–0.4 mm per rotation. All patients received
one puff of nitroglycerine spray (0.3 mg; Astellas, Tokyo, Japan)
sublingually immediately prior to scanning. A bolus of iodinated
contrast agent (Omnipaque 350; Daiichi Sankyo Co. Ltd., Tokyo,
Japan), which varied between 40 and 60 ml, depending on the
expected scan time  ﬂow rate, was injected at a ﬂow rate of
0.07 ml s1 kg1  bodyweight (kg) into the right antecubital vein
followed by a saline injection (30 ml; same ﬂow rate as of the
contrast agent). The scan delay time was determined by the transit
time in a test injection (10 ml contrast injection followed by 30 ml
saline injection). The tube voltage was 120 kV and the tube current
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Fig. 1. (A) Comparison of DCTD for each stent diameter. (B) Comparison of DCTD betwe
2.5 mm and #p < 0.05 vs. 3.0 mm. NS, not signiﬁcant. DCTD: the difference in computewas 400 mAs. The optimal cardiac phase with the least motion
artifacts was chosen from the original axial and multi-planar
reconstruction images. All reconstructions were performed by
mono-phasic reconstruction. Image reconstruction and analysis
were performed on a dedicated workstation (Ziostation; Ziosoft
Inc., Tokyo, Japan). The data sets constructed with a medium-to-
smooth (B26f) convolution kernel were used for all analyses.
Curved multi-planar reconstructions were used to evaluate the
implanted coronary stents. Images were displayed at a window
level of 300 Hounsﬁeld units (HU) with a window width of
1200 HU.
The preliminary study for CT density of stent lumen
To evaluate the augmentation of CTD in stent lumen, we
measured CTD in stent lumen and the native coronary lumen
proximal to the stent asDCTDusing a region of interest of 1 mm2 in
the consecutive 73 stents (the stents’ characteristics are shown in
Supplementary Table 1). To investigate whether DCTD is
inﬂuenced by the thickness of stent struts, DCTD was compared
between the groups with stent strut thickness less than 0.005 in.
and with more than 0.005 in. in 3.0 mm diameter stents (Fig. 1).
Supplementary Table 1 related to this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jjcc.2014.03.013.en the strut thickness30.005 in. and <0.005 in. HU, Hounsﬁeld units. *p < 0.05 vs.
d tomography density between proximal native artery and the in-stent lumen.
[(Fig._2)TD$FIG]
Fig. 2. Receiver operating characteristic curve analysis of computed tomography
density for predicting in-stent restenosis. This analysis shows that the
discriminating factor = 0.5 yielded high sensitivity and speciﬁcity.
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From the preliminary study, we determined the correction
value depending on the stent diameter to compensate for the
augmentation of in-stent CTD. Using the correction value, we
developed a new index for diagnosing stent restenosis using CTD:
Stent restenosis index ðSRIÞ ¼ P þ D
2
þ correction value
 
 cutoff value
CTD was measured using a region of interest of 1 mm2 in the
longitudinal section. P represents the CTD at 5–10 mm proximal to
the stent and D is a CTD at 5–10 mmdistal to the stent. All calciﬁed
lesions in the stented lesion were included in the analysis. The
cutoff value of 0.5 is the best for the diagnostic accuracy. Area
under the curve (AUC) is 0.955 (Fig. 2). This value is used as cutoff
value in the equation of SRI. ICA was used as a gold standard and
ISR was diagnosed as a diameter reduction of 50% or more
compared with the reference diameter.
Visual analysis of CT angiography
The visual analysis was performed when the contrast in the
stent lumen could be visually evaluated. Stent patency was graded
according to the following: grade 1 = homogeneous enhancement
with no lumen narrowing; grade 2 = non-enhanced lumen area
within the stent causing a lumen reduction of <50%; and grade
3 = non-enhanced area within the stent causing a reduction of the
contrast-enhanced lumen by >50%. Grade 3 was considered
signiﬁcant ISR. All images were evaluated by two independent
observers. The observers were blinded to the result of ICA. The
calciﬁed and the tortuous lesions were all included in the study.
Quantitative evaluation of ISR on CT angiography
On the reconstructed longitudinal image, the stent size was
determined by measuring the width of the stent using the caliper
function. SRI was calculated for each stent and when the in-stent
CTD was less than SRI, the lesion was determined signiﬁcant ISR.
The color-coded image indicating the area of CTD less than SRI was
created to visualize the signiﬁcant restenosis area. We checkedTable 2
Details of implanted stents (N=79).
Trade name Manufacturer Material Thickness
Cypher J&J/Cordis Stainless steel 0.0055
GFX Medtronic Stainless steel 0.0053
Express2 Boston Scientiﬁc Stainless steel 0.0053
S670 Medtronic Stainless steel 0.0050
Duraﬂex Goodman Stainless steel 0.0045
NIR Boston Scientiﬁc Stainless steel 0.0040
Liberte Boston Scientiﬁc Stainless steel 0.0038
TAXUS Boston Scientiﬁc Stainless steel 0.0038
Driver Medtronic Cobalt 0.0036
Multilink Zeta Guidant Stainless steel 0.0036
Integrity Medtronic Cobalt 0.0036
Multilink Vision Abbott Cobalt 0.0032
Mini Vision Abbott Cobalt 0.0032
Xience Abbott Cobalt 0.0032
Tsunami Terumo Stainless steel 0.0031
Multilink Plus Guidant Stainless steel 0.0022
Total
J&J/Cordis, Miami, FL, USA;Medtronic, Santa Rosa, CA, USA; Boston Scientiﬁc, Natick, M
IL, USA; Terumo, Tokyo, Japan.multiple views of longitudinal section to avoid errors caused by the
non-uniform distribution of the restenosis.
Statistical analysis
Quantitative variables were expressed as mean  SD. Inter-
observer variability for image quality and stent patency was
expressed as Cohen k statistics. Sensitivity, speciﬁcity, positive
predictive value (PPV), negative predictive value (NPV) and accuracy
were evaluated by chi-square test, and 95% conﬁdence intervals were
calculated. SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) was used
and p value <0.05 was considered signiﬁcant.
Results
No obvious complications of CTA were observed. Table 1
shows the patient characteristics. Table 2 lists the details of
stents analyzed. When multiple stents were contiguously
implanted, they were considered as a single stent. ICA was
performed without complications. The mean interval from stent
implantation to CTA was 34  43 months. The mean interval
between CTA and ICA was 19  4 days. Mean heart rate during CTA
was 67  14 bpm.(in.) Stent diameter (mm)
4.0 3.5 3.0 2.75 2.5 2.25
0 2 7 0 16 0
0 1 1 0 0 0
0 1 0 0 0 0
0 1 3 0 0 0
0 4 0 0 0 0
0 0 2 0 0 0
0 2 5 2 0 0
0 3 0 0 0 0
2 2 4 0 1 0
0 0 0 0 2 0
0 0 1 0 0 0
0 2 1 0 0 0
0 0 0 0 1 1
0 0 3 2 3 0
0 1 0 0 0 0
0 1 1 0 1 0
2 20 28 4 24 1
A, USA; Goodman, Aichi, Japan; Guidant, Santa Clara, CA, USA; Abbott, Abbott Park,
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Fig. 3. A case of a 61-year-old man with stenting for left anterior descending artery. (A) The stent diameter is 3.0 mm. CTD proximal to the stent is 400(P). CTD distal to the
stent is 355(D). (B) The calculation of SRI using correction value 150. (C) The area with CTD < 264 is displayed in red. Regions in the stent displayed in red (arrows) suggested
ISR. (D) The coronary angiogram shows ISR (arrows). SRI, stent restenosis index; ISR, in-stent restenosis; CTD, computed tomography density.
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Out of 79 stented segments, signiﬁcant ISR was found in 11
(13.9%) by ICA.
The correction value for SRI
In the preliminary study, DCTD was inversely correlated with
stent diameter (Fig. 1A), butDCTD was not inﬂuenced by the stent
strut thickness (Fig. 1B). DCTD increased by 30–60 HU when the
stent diameter becomes smaller by 0.5 mm. Thus the correction
value is assumed 50 which covers mean + 1 SD for the 4 mm
diameter stent (Fig. 1A). The correction value is increased by 50
when the diameter becomes smaller by 0.5 mm, i.e. for 3.5 mm
stent – 100, for 3 mm stent – 150, and for 2.5 mm stent – 200,
respectively.
Discriminating factor of SRI
Using the preliminary data, receiver operating characteristic
analysis was performed. The discriminating factor = 0.5 shows
maximum AUC (0.955, 95% conﬁdential interval, 0.893–1.017)
(Fig. 2). So we deﬁne the following equation: SRI = {(P + D)/
2 + correction value}  0.5. We created color-coded images whichTable 3
Diagnostic accuracy of ISR by CTA using.
SRI evaluation Visual evaluation p
Assessment 79/79 (100%) 62/79 (78.5%) <0.05
Sensitivity 9/11 (82%, 57–94) 7/9 (78%, 48–94) 0.822
Speciﬁcity 63/68 (93%, 89–95) 40/53 (75%, 70–78) 0.008
PPV 9/14 (64%, 45–74) 7/20 (35%, 22–42) 0.092
NPV 63/65 (97%, 93–99) 40/42 (95%, 89–99) 0.654
Accuracy 72/79 (91%, 84–91) 47/62 (76%, 67–80) 0.024
Numbers/total numbers (values are percentages, 95% conﬁdence intervals).
SRI, stent restenosis index; ISR, in-stent restenosis; CTA, computed tomography
angiography; PPV, positive predictive value; NPV, negative predictive value.show the area of CTD < SRI in red (Figs. 3C and 4C). When the stent
lumen was displayed in red (Fig. 3C, arrows), the presence of ISR
was indicated.
Visual evaluation of ISR by CTA
On CTA, 79 stented lesions were evaluated by two observers. A
total of 17 stents (21.5%) were unassessable because of stent
artifacts (assessment = 78.5%). Out of 62 stents, 33 (41.8%) were
grade 1, 9 (11.4%) were grade 2, and 20 (25.3%) were grade 3. Inter-
observer variability was fairly low (kappa = 0.78). The sensitivity,
speciﬁcity, PPV, NPV, and accuracy were 78%, 75%, 35%, 95%, and
76%, respectively (Table 3).
Evaluation of ISR using CTD
When SRI was applied, all stented segments became assessable
(assessment = 100%, p < 0.05 vs. visual analysis). The sensitivity,
speciﬁcity, PPV, NPV, and accuracy were 82%, 93%, 64%, 97%, and
91%, respectively (Table 3). Without the correction value, the
sensitivity was 40% and speciﬁcity was 97%.
Among the parameters, speciﬁcity and accuracy were signiﬁ-
cantly improved compared to visual analysis (p < 0.05).
Discussion
Coronary CT angiography has proved useful for the prediction of
future coronary events to diagnose unstable plaque [14] and the
prognosis of high-risk patients [15]. But in the diagnosis of
coronary stent restenosis, only a few studies have reported the
evaluation of ISR using CTD. Among those, Kitagawa et al. [13]
reported that the difference in CTD between the reference vessel
and in-stent lumens was useful for detecting ISR. However,
one-fourth of the stents were excluded from the analysis due to
stent artifacts. In our study, 17 stents out of 79 were excluded for
visual analysis. However, SRI was applicable for all 79 stents and
the diagnostic accuracy was signiﬁcantly superior to the visual
[(Fig._4)TD$FIG]
Fig. 4. A case of a 74-year-old man with stenting for left anterior descending artery. (A) The stent diameter is 3.0 mm. CTD proximal to the stent is 415(P). CTD distal to the
stent is 392(D). (B) The calculation of SRI using correction value 150. (C) The areawith CT density<277 is displayed in red. No area in the stent is displayed in red, indicating no
ISR. (D) The coronary angiogram shows no ISR (arrows indicate stent edges). SRI, stent restenosis index; ISR, in-stent restenosis; CTD, computed tomography density.
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ratio to aortic density yielded equivalent diagnostic accuracy to
our study [16,17], but our method is the only quantitative method
considering the difference in stent size. In our studywe used soft to
medium kernel, B26f, for image reconstruction. This kernel is used
for regular analysis for CTA including assessment of plaque
characteristics. However, previous studies showed that the images
obtained with a sharp edge-enhancing kernel such as B46f is
suitable for ISR diagnosis, although the quality of the images is
hampered by increased noise [18,19].Most of the recent studies for
diagnosing ISR visually used the kernel B46f and showed excellent
diagnostic accuracy: sensitivity of 85–95%, and speciﬁcity of
86–95% [20–24]. These results are apparently superior to our
visual diagnosis. This may be attributed to the difference of
reconstruction kernel. However, B46f is not suitable for the regular
diagnosis of CTA; thus, two different reconstructions are required.
On the other hand, our new index, SRI, requires only the regular
kernel B26f and showed an excellent result. As for the quantitative
analysis of ISR, Das et al. [25] showed that the in-stent CTD differed
signiﬁcantly between patent stents and stents with restenosis, but
the diagnostic accuracywas not evaluated. Hecht et al. [26] deﬁned
ISR as in-stent CTD lower than pre-stent CTD. But their quantitative
method showed even lower diagnostic accuracy than the visual
analysis. Thus our quantitative method using SRI is the ﬁrst to
demonstrate the clinically acceptable method that is superior to
the visual analysis. This is mainly attributed to the introduction of
correction value which compensates the artifact depending on the
stent size. Furthermore, using SRI, we can create color-coded
images which pinpoint the ISR site.
Study limitations
We need to consider the limitations of this study. First, this
study included various stent types and sizes. We did not consider
stent materials and structure, because artifacts due to strut
thickness did not inﬂuence the results. This can be explained by the
absence of stents with strong artifacts in the present study [27].Second, in the diagnosis of ISR, sensitivity, PPV, and NPV of our new
method do not reach statistical signiﬁcance when compared to
visual analysis. This may be attributed to the small number of the
stents.
Conclusion
The present study offers a clinically useful method in
diagnosing ISR due to its 100% assessment capability and high
diagnostic accuracy including small-sized stents by adopting the
SRI which is the only method considering stent size.
Acknowledgments
We thank Yuichi Sano and Akiko Narazaki for their excellent
support during image acquisition and analysis.
References
[1] Anderson HV, Shaw RE, Brindis RG, Hewitt K, Krone RJ, Block PC, McKay CR,
WeintraubWS. A contemporary overview of percutaneous coronary interven-
tions. The American College of Cardiology-National Cardiovascular Data Reg-
istry (ACC-NCDR). J Am Coll Cardiol 2002;39:1096–103.
[2] FischmanDL, LeonMB, BaimDS, Schatz RA, SavageMP, Penn I, Detre K, Veltri L,
Ricci D, Nobuyoshi M, Cleman M, Hauser R, Almond D, Teirstein PS, Fish RD,
et al. A randomized comparison of coronary-stent placement and balloon
angioplasty in the treatment of coronary artery disease. N Engl J Med
1994;331:496–501.
[3] Serruys PW, de Jaegere P, Kiemeneij F, Macaya C, Rutsch W, Heyndrickx G,
Emanuelsson H, Marco J, Legrand V, Materne P, Belardi J, Sigwart U, Colonbo A,
Goy JJ, Heuvel P, et al. A comparison of balloon-expandable-stent implantation
with balloon angioplasty in patientswith coronary artery disease. N Engl JMed
1994;331:489–95.
[4] Holmes Jr DR, Leon MB, Moses JW, Popma JJ, Cutlip D, Fitzgerald PJ, Brown C,
Fischell T, Wong SC, Midei M, Snead D, Kuntz RE. Analysis of 1-year clinical
outcomes in the SIRIUS trial: a randomized trial of a sirolimus-eluting stent
versus a standard stent in patients at high risk for coronary restenosis.
Circulation 2004;109:634–40.
[5] Windecker S, Remondino A, Eberli FR, Ju¨ni P, Ra¨ber L, Wenawester P, Togni M,
Billinger M, Tu¨ller D, Seiler C, Rofﬁ M, Corti R, Su¨tsch, MaierW, Lu¨scher T, et al.
Sirolimus-eluting and paclitaxel-eluting stents for coronary revascularization.
N Engl J Med 2005;353:653–62.
M. Yoshimura et al. / Journal of Cardiology 65 (2015) 57–6262[6] Scanlon PJ, Faxon DP, Audet AM, Carabello B, Dehmer GJ, Eagle KA, Legako RD,
Leon DF, Murray JA, Nissen SE, Pepine CJ, Watson RM. ACC/AHA guidelines
for coronary angiography. A report of the American College of Cardiology/
American Heart Association Task Force on practice guidelines. J Am Coll
Cardiol 1999;33:1756–824.
[7] Sun Z, Davidson R, Lin CH. Multi-detector row CT angiography in the assess-
ment of coronary in-stent restenosis: a systematic review. Eur J Radiol
2009;69:489–95.
[8] Sheth T, Dodd JD, Hoffmann U, Abbara S, Finn A, Gold HK, Brady TJ, Cury RC.
Coronary stent assessability by 64 slicemulti-detector computed tomography.
Catheter Cardiovasc Interv 2007;69:933–8.
[9] Chung SH, Kim YJ, Hur J, Lee HJ, Choe KO, Kim TH, Choi BW. Evaluation of
coronary artery in-stent restenosis by 64-section computed tomography.
Factors affecting assessment and accurate diagnosis. J Thorac Imaging
2010;25:57–63.
[10] Rist C, Nikolaou K, Flohr T, Wintersperger BJ, Reiser MF, Becker CR. High-
resolution ex vivo imaging of coronary artery stents using 64-slice computed
tomography—initial experience. Eur Radiol 2006;16:1564–9.
[11] Schepis T, Koepﬂi P, Leschka S, Desbiolles L, Husmann L, Gaemperli O. Coronary
artery stent geometry and in-stent contrast attenuation with 64-slice com-
puted tomography. Eur Radiol 2007;17:1464–73.
[12] Groen JM, Greuter MJ, van Ooijen PM, Oudkerk M. A new approach to the
assessment of lumen visibility of coronary artery stent at various heart rates
using 64-slice MDCT. Eur Radiol 2007;17:1879–84.
[13] Kitagawa T, Yamamoto H, Horiguchi J, Hirai N, Fujii T, Ito K, Kohno N.
Usefulness of measuring coronary lumen density with multi-slice computed
tomography to detect in-stent restenosis. Int J Cardiol 2008;124:239–43.
[14] KashiwagiM,TanakaA, ShimadaK,KitabataH,KomukaiK,Nishiguchi T,OzakiY,
Tanimoto T, Kubo T, Hirata K, Mizukoshi M, Akasaka T. Distribution, frequency
and clinical implications of napkin-ring sign assessed bymultidetector comput-
ed tomography. J Cardiol 2013;61:399–403.
[15] Nakanishi K, Fukuda S, Shimada K, Ehara S, InanamiH,Matsumoto K, Taguchi H,
Muro T, Yoshikawa J, Yoshiyama M. Non-obstructive low attenuation coronary
plaque predicts three-year acute coronary syndrome events in patients
with hypertension: multidetector computed tomographic study. J Cardiol
2012;59:167–75.
[16] Abdelkarim MJ, Ahmadi N, Gopal A, Hamirani Y, Karisberg RP, Budoff MJ.
Noninvasive quantitative evaluation of coronary artery stent patency using
64-row multidetector computed tomography. J Cardiovasc Comput Tomogr
2010;4:29–37.[17] Andreini D, Pontone G, Mushtaq S, Bartorelli AL, Bertella E, Trabattoni D,
Montorsi P, Galli S, Foti C, Annoni A, Bovis F, Ballerini G, Aqostoni P,
Fiorentini C, Pepi M. Coronary in-stent restenosis: assessment with CT
coronary angiography. Radiology 2012;265:410–7.
[18] Hong C, Chrysant GS, Woodard PK, Bae KT. Coronary artery stent patency
assessed with in-stent contrast enhancementmeasured at multi-detector row
CT angiography: initial experience. Radiology 2004;233:286–91.
[19] Pugliese F, Cademartiri F, van Mieghem C, Meijboom WB, Malagutti P,
Mollet NRA, Martinoli C, de Feyter P, Krestin GP. Multidetector CT for
visualization of coronary stents. Radiographics 2006;26:887–904.
[20] Ehara M, Kawai M, Surmely JF, Matsubara T, Terashima M, Tsuchikane E,
Kinoshita Y, Ito T, Takeda Y, Nasu K, Tanaka N, Murata A, Fujita H, Sato K,
Kodama A. Diagnostic accuracy of coronary in-stent restenosis using 64-slice
computed tomography comparison with invasive coronary angiography. J Am
Coll Cardiol 2007;49:951–9.
[21] Cademartiri F, Schuijf JD, Pugliese F, Mollet NR, JukemaW, Maffei E, Kroft LJ,
Palumbo A, Ardissino D, Serruys PW, Krestin GP, Wall EE, de Feyter PJ,
Bax JJ. Usefulness of 64-slice multislice computed tomography coronary
angiography to assess in-stent restenosis. J Am Coll Cardiol 2007;49:
2204–10.
[22] Oncel D, Oncel G, Karaca M. Coronary stent patency and in-stent restenosis:
determination with 64-section multidetector CT coronary angiography—
initial experience. Radiology 2007;242:403–9.
[23] Manghat N, Van Lingen R, Hewson P, Syed F, Kakani N, Cox I, Roobottom C,
Hughes GM. Usefulness of 64-detector row computed tomography for evalu-
ation of intracoronary stents in symptomatic patients with suspected in-stent
restenosis. Am J Cardiol 2008;101:1567–73.
[24] Sun Z, Almutairi AM. Diagnostic accuracy of 64 multislice CT angiography in
the assessment of coronary in-stent restenosis: a meta-analysis. Eur J Radiol
2010;73:266–73.
[25] Das KM, El-Menyar AA, Salam AM, Singh R, Dabdoob WAK, Albinali HA,
Suwaidi JA. Contrast-enhanced 64-section coronary multidetector CT angiog-
raphy versus conventional coronary angiography for stent assessment. Radi-
ology 2007;245:424–32.
[26] Hecht HS, Zaric M, Jelnin V, Lubarsky L, Prakash M, Roubin G. Usefulness of
64-detector computed tomographic angiography for diagnosing in-stent re-
stenosis in native coronary arteries. Am J Cardiol 2008;101:820–4.
[27] MaintzD, SeifarthH,RaupachR, Flohr T, RinkM,SommerT, O¨zgu¨nM,HeindelW,
FischbachR.64-Slicemultidetector coronaryCTangiography: invitroevaluation
of 68 different stents. Eur Radiol 2006;16:818–26.
